Increasing incidence and mortality of colorectal cancer brings the necessity to uncover new possibilities in the prevention, diagnosis and treatment. The microbiome as the collective genetic material of the microflora, overexceed the number of genes in the human genome and is unique for each individual. Due to the benefits providing for the host and mainly for immediate interaction with the host immune system, a gastrointestinal microflora can be considered "cardinal microbiome". Host-microbial relations includes symbiotic, pathogenic and competitive interactions. Causal role of gastrointestinal microflora in colorectal carcinogenesis is still not well determined. This minireview is focused on current evidence in understanding the role of bacteria in colorectal carcinogenesis, the impact of bacterial dysbiosis on tumor formation, and ability of probiotics and bacterial vectors to modulate the gastrointestinal microflora as prevention and therapy tool in colorectal cancer.
Gut microflora and human microbiome project
The human gastrointestinal tract is colonized by a complex microbial community comprising thousands of bacterial strains that play an important role in the physiology of the host. Their number ten times exceeds the total number of somatic cells in the human body and represent 1.5-2 kg of total body weight [1] . Moreover, it is estimated that collective microflora genetic material (including bacteria, archaea, viruses and eukaryotes), microbiome, harbours 100 times more genes than the human genome [2] .
The composition of the intestinal microbiota varies substantially amongst individuals but both culture-dependent and independent studies have demonstrated that the majority of the intestinal bacteria of adult man belong to two phyla, the Bacteroidetes and the Firmicutes [3] . Breast-feeding infants tends to contribute to higher levels of bifidobacteria ranging from 60 up to 90% of the total faecal microbiota [4; 5] . Microflora undergoes a more dramatic change and becomes diverse after solid food introduction resulting in an adult-like microbiota approximately by the age of 2 [6] . Afterwards, the intestinal microflora remains relatively stable during adult life [7] .
Different microbes are found at appropriate sites of gastrointestinal tract reflecting the environment changes along it. While lower part of the gastrointestinal tract with slow food passage allowed establishing a large microbial community reflecting its anaerobicity, bacterial flora in upper part is less abundant. Furthermore, dramatic differences develop between the luminal and the mucosal microflora composition taking into account mucosal microaerobic environment and secretion of lysozyme and defensis by Paneth cells [8] .
The complexity of interactions between gastrointestinal microflora and human intestinal cells is intensively stud-ied. Previous knowledge about bacterial diversity has been obtained by selective culturing of microorganisms from faecal samples. However, limited information about bacterial communities directly associated with colon mucosa was available so far. New metagenomics approaches overcome the problem with bacterial cultivations and open up opportunities for a detailed examination and comparison of healthy subjects microflora versus bacteria from cancer patients. Currently, Human Microbiome Project (HMP) belongs to the most comprehensive research projects worldwide [9] . HMP mission is to generate the research resources enabling characterization of the human microbiota and analysis of their role in human health and disease [10] . After The HMP Consortium has reported the structure and function of the human microbiome in 300 healthy adults at 18 body sites from a single time point [11, 12] , the significant associations between community types and whether the subject was ever breastfead, gender and education level was observed. Moreover, data analysis has shown different bacterial types observed in oral and gut microbiomes, but the specific taxonomic compositions at these sites were predictive of each other. The community types from sites within the oral cavity were the least stable, whereas those in the vagina and gut were the most stable [13] .
Commensal bacteria provide several benefits to its host and play an important role in the development and functioning of the intestinal immune system. Futher, they are actively involved in the development and maturation of the intestinal mucosa, in prevention against infections caused by pathogenic bacteria, as well as in vitamin synthesis and metabolic degradation [14] . In addition to the absorption of nutrients, protection against pathogen, their colonization contributes to the regulation of cellular proliferation, differentiation and expression of genes in host epithelial cells. Bacterial regulation of the intestinal epithelial differentiation factors Hes1, Hath1 and KLF4 was found in the colon adenocarcinoma cell line LS174T. Expression of Hes1 and Hath1, and to a minor degree also of KLF4, was reduced by E. coli K-12 and E. coli Nissle 1917. In vivo experiments on specific pathogen free and conventionalized mice as compared to germ free mice confirmed the results by a diminished colonic expression of Hath1 and KLF4 [15] .
Gastrointestinal microflora in etiology of colorectal cancer
Approximately 70% of colorectal cancer cases develop spontaneously and are of unknown etiology [16] . Several studies focused on identification of bacterial composition in healthy individuals and patients confirm that the intestinal microflora constitution and structure can lead to the colorectal polypspremalignant development [17, 18] . Globally, it is estimated that approximately 20% of all malignancies have infectious background with a total number of 1.2 million cases per year [19] . One of the most striking association is a link between Helicobacter pylori and gastric adenocarcima [20] as well as mucosa-associated lymphoma [21] .
Dysbiosis in intestinal microflora can promote both chronic inflammatory conditions and the production of carcinogenic metabolites, leading to neoplasia. However, it is still not exactly clear how bacteria influence the formation of colorectal adenomas and carcinomas.
From complex point of view, bacterial contribution involve interplay between chronic inflamation, direct effect of microbiota on host cell signaling and cell biology, and tissue stem-cell homeostasis [22] . Growing evidence suggests that the colonic microflora play a critical role in regulating several host functions important to tumor formation such as intestinal epithelial cell homeostasis, barrier function, mucosal immune responses, and host metabolism. Inflammation, use of antibiotics and host factors change the intestinal environment towards bacterial dysbiosis by alternation of normal homeostasis between the host organism and intestinal bacteria [23] . According to the large epidemiological studies, increased risk of colorectal cancer may be associated with the consumption of red meat and animal fat [24] , whereas the diet rich in fruits and vegetable seems to have a protective effect [25] . The intestinal microflora imbalance may represent a link between diet and tumorigenesis.
Recent analysis of the gut microbiome from stool samples of patients representing different stage of colorectal cancer development: healthy, adenoma, and carcinoma, revealed both an enrichment of pathogenic bacteria (Fusobacterium and Porphyromonas spp.) and also the depletion of potencially protective species (genera Clostridium and Bacteroides) contribute to colorectal cancer pathology [26] . Animal and tissue culture-based studies and more important, also clinical studies reported that Fusobacterium spp. were enriched on the surface of tumors comparing to appropriate healthy tissue controls [27, 28] . C. rodentium infection promotes adenoma formation in the colon of Apc Min/+ mice induced by hyperproliferative state. Moreover, C. rodentium produces attaching and effacing (AE) lesions in mice descending colon [29] similar to AE lesions generated by the human pathogens enteropathogenic (EPEC) and enterohemorrhagic (EHEC) E. coli, respectively. Hence, this model system may serve to study the contribution of AE lesion formation to infection and disease [30] . Besides the animal models, epidemiologic studies also support the causative role of several bacterial pathogens in etiology of colorectal cancer. Streptococcus bovis, Escherichia coli, and Fusobacterium spp. showed to be directly linked to colon cancer [31] [32] [33] . Bacterial profile of patients with the adenomas occurrence showed an increased frequency of bacterial genera such Faecalibacterium, Shigella and Proteobacterium and reduced frequency of Bacteroides and Coprococcus, at the other hand. Contrary, phylum Firmicutes, Bacteroidetes have been dominating in healthy subjects [34] .
The presence of adherent and intracellular bacteria in tumor cells. The research focused on characterization of ad-herent and enteropathogenic bacteria outlined their possible role in the development of colorectal adenomas and carcinomas in patients when comparing to healthy controls [35] . In our study on a cohort of 172 biopsy specimens from 60 patients (colon cancer,n=10 patients; colonic adenoma,n=20; control group,n=20; cancer patients without gastrointestinal tract GIT malignancy,n=10) examined with the gentamycin protection assay (GPA), the number of biopsies with intracellular bacteria was significantly higher in adenoma and carcinoma group than in control group (26vs. 10 %;p=0.004). Futher, the difference in cancer patients without GIT malignancy was nonsignificant [36] . Recently, the studies on colorectal cancer patients exhibit bacteria adhering to tumor tissue and provide an indirect evidence of bacterial invasion [37, 38] .
The possibility of horizontal gene transfer between bacteria and mammalian cells Enormous size of the human microbiome and intimate proximity between intestinal bacteria and colon epithelial tissue raises the question of opportunity for horizontal gene transfer to somatic cells. Although common among bacteria, horizontal gene transfer allowing the gene movement between bacteria and eukaryotes seems to be a rare event. Several studies have reported in vitro gene transfer from intracellular bacteria to mammalian phagocytic and non-phagocytic cells [39, 40] . Many of in vivo bacteria to animal transfers occur as part of intimate relationship between prokaryotic endosymbionts and their host, potentially providing a mechanism for acquisition of new genes and functions [41, 42] . A few eukaryote to bacteria transfers have been described so far. Legionella pneumophila has been found to encode more than 100 eukaryotic-like proteins revealing that 29 are of eukaryotic ancestry [43] . Phylogenomic survey of putative horizontal gene transfer events in Methanosphaera stadtmanae indicated a substantial fraction of the proteins which were involved in inter-domain horizontal gene transfer [44] . Recent data from microbiome project have showed that bacterial DNA integrates into the human genome through somatic RNA intermediate and this integration is more common in tumor samples [45] .
Analyses of bacteria isolated from familial adenomatous polyposis (FAP) patients revealed the presence of APC-like sequences showing more than 90% sequence homology with human Adenomatous polyposis coli (APC) gene. The expression of APC-like sequences was demostrated by Western blot analysis and bacterial transcripts containing the part of exon 15 of the APC gene by reverse transcription-PCR indicated that an APC gene derived fragment may be produced. Almost 90% of tested bacteria were identified as E.coli [46, 47] .
Probiotics in modulation of disorders characterized by microbial dysbiosis
Experimental and clinical studies have shown that dysbiosis in gastrointestinal microflora can be modulated by the effect of probiotics. According to the classification, probiotics are live microorganisms which, when administered in adequate amounts, confer a health benefit on the host [48] . Their protective effect was confirmed in prevention and treatment of gastrointestinal tract diseases including irritable bowel syndrome, ulcerative colitis [49, 50] , and reduction of gastritis by Helicobacter pylori infection [51] . Growing evidence suggests probiotic indication in diarrhea caused by subsequent excessive growth of Clostridium difficile after antibiotic therapy [52, 53] Moreover, a few studies indicate that probiotics can be effective in the prevention of radiation -induced diarrhea among cancer patients [54, 55] .
The essential characteristic of probiotic bacteria is the ability to control inflammation via adhesion to the intestinal mucosa cells, allowing competitive pathogens displacement. In a model of pathogen-induced inflammation, treatment of mice with Bifidobacteria infantis led to a down regulation of intestinal inflammation with increased number of CD4+CD25+ TReg cells78. Moreover, the adoptive transfer of the CD4+CD25+ TReg-cell population from mice fed with B. infantis inhibited inflammation-induced activation of nuclear factor-κB (NF-κB) in recipient mice [56] .
Probiotic bacteria are known to exert an anticancer activity in animal and tissue-culture studies. Bacillus polyfermenticus producing antimicrobial agent bacteriocin suppresses tumor growth as shown by inhibition of colon cancer cell growth, failure of colony formation, and reduced tumor volume of mouse xenograft model of human colon cancer. Moreover, ErB2 a ErbB3 inhibiton and decreased E2F-1 and cyclin D1 expression suggest a possibility that probiotic bacterium Bacillus polyfermenticus can be used as a chemopreventive therapy [57] .
The outcomes of SYNCAN study have demonstrated that administration of Lactobacillus rhamnosus and Bifidobacterium animalis ssp. lactis BB-12 in synbiotic combination with inulin enriched with oligofructose resulted in a significant reduction of colon cancer incidence, a significant increase in butyrate production, reduction in genotoxicity of faecal water, reduction of DNA damage and the stimulation of the immune system leading to the stimulation of NK-cells and increased levels of IL-10 produced in Peyer Patches [58] . Recently, a large 12 years of follow-up prospective study on 45,241 (14,178 men; 31,063 women) volunteers showed significant association between high yogurt intake and decreased colorectal cancer risk, suggesting that yogurt should be part of a diet to prevent the disease [59] . Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus are the two lactic acid bacteria traditionally used to produce yogurt from milk and their effect in preventing the initiation of carcinogenesis was previously confirmed even in animal models [60] .
Decreasing the toxicity related to anticancer treatment, especially radiation therapy by probiotics represent a possible trend [reviewed in 61]. However, safety of probiotic use in immunocompromised cancer patients became an essential issue of the research these days. In our previous studies we have concern on determination of efficacy and safety of the probiotic strain Enterococcus faecium M74 enriched with organic selenium in neutropenic patients with solid and hematological malignancies. Alltogether, eleven patients were included in the study -six patients with germ cell tumors at first and five patients with relapse of acute leukemia after safety evaluation. The febrile episode was not observed in any of the patients. The gut colonization by enterococci reaches 10(6) CFU/g stool. In 5 patients with acute leukemia during 127 days of severe neutropenia, 12 febrile episodes has occurred. There was not noted any febrile episode or infection provoked by the tested strain. Tolerance of therapy was excellent without significant undesirable effects [62] . Based on these results, another study with fourteen myelogenous leukemia patients concerning on the prevention of febrile neutropenia by probiotic strain Enterococcus faecium M-74 enriched with selenium was performed. Our results demonstrated the safety of the probiotic strain used [63] . In our latest study, administration of probiotics in patients with colorectal cancer treated with irinotecan-based chemotherapy showed to be safe and could lead to a reduction in the incidence and severity of gastrointestinal toxicity [64] .
Recently, the results from eleven randomised, controlled trials concerning on the efficacy of probiotics in people with cancer (N = 1557 participants) displayed reducing the severity and frequency of diarrhoea in patients with cancer and the requirement for anti-diarrheal medication, respectively. Nevertheless, seventeen studies (N = 1530) included in the safety analysis five case reports showed probiotic-related bacteraemia/fungaemia/positive blood cultures [65] . Taken into account these findings, there is currently insufficient evidence about effectiveness and especially safety in people with cancer and futher analyses need to be evaluted.
Bacteria as delivery systems in inflamation, tumor prevention and therapy
To identify cancer therapy with high level of selectivity and limited toxicity to normal tissue is the key effort of cancer research. Systemically administered bacteria engineered to deliver therapeutic genes are specifically targeting to the tumors, either externally using non-invasive species or within the tumor cells when using virulence attenuated strains of pathogenic bacteria [66, 67] . The specific nature of bacterial colonisation of tumors, by taking advantage of their unique physiology, may be exploited to aid cancer treatment in several ways.
Bacterial vectors may be use in two broad approaches according to their suitability for different therapeutic strategies; Tumor-specific bacterial replication resulting in alternative gene therapy (AGT) or intracellular plasmid transfer (bactofection).
Tumor hypoxia and even bacterial chemotaxis towards chemo-attractant compounds in necrotic regions can be suggested as a contributing factors for tumor targeting [68] . In alternative gene therapy (AGT), bacteria produce a therapeutic protein in cells "in situ" or persist in intercellular spaces within the tumor environment which permits using of noninvasive strains [69, 70] . After firstly reported Clostridium spp., tumor-specific replication has been demonstrated for Bifidobacterium spp, Salmonella spp, Escherichia coli, Vibrio cholerae and Listeria monocytogenes. It has been showns that systemic delivery of "therapeutic" bacteria can be achieved not only through intravenous but also through oral administration [71] . Delivery vector Escherichia coli BL21(DE3) and BL21(DE3) pLysS with complete sequence of APC gene was orally administered for restoration of truncated APC protein in APC+/APC1638N mice. Preliminary results showed the effect of bacterially expressed APC protein in elimination of intestinal polyps, but still more research is needed [72] .
Bactofection presents a bacterial-mediated transfer of plasmid DNA to mammalian cells leading to expression of heterologous proteins in different mammalian cell types [73] . Successful gene expression requires entry of the bacterial vector followed by realease of plasmid DNA into the cellular environment. Moreover, bacterial vectors can be also paired with RNA interference, potentially providing a steady supply of siRNAs to sustain therapeutic benefits [74] . Bacterial entry can be allowed by the presence of transmembrane surface receptors -integrins, that are found on the surface of most mammalian cells. Various bacterial species including Salmonella spp., L. monocytogenes and E. coli have been examined as bactofection vectors [75, 76] . DNA transfection reagents could increase the gene delivery efficiency of a bactofection vector that uses the integrin receptor. Lipofectamine reagent has improved the entry and internalization of invasive E. coli DH10B vector contained the Yersinia pseudotuberculosis invasin gene into HeLa cells. Futhermore, the addition of the Lipofectamine enhanced up to 2.8-fold green fluorescent protein (GFP) expression from a reporter plasmid. [77] .
Colonisation of specific niches in the gut lumen with bacterial strains capable to modulate local inflammation and imunity could control gastrointestinal tract neoplasia. Their survival in human gastrointestinal tract is possible especially due to their origin. Application of bacterial vectors in clinical practise is possible only when using recombinantly prepared nonpathogenic strains. The advantage of this transfer is simplicity, specificity and efficiency of DNA transfer. Since cytokines are major mediators of inflammation and regulatory activity in the gut mucosa, the ability of Lactococcus lactis carrying the pValac:il-10 plasmid harbouring the anti-inflammatory cytokine IL-10 of Mus musculus to modulate the cytokines production in the colonic tissues of mice, was tested. Mice receiving plasmid construct showed significantly higher IL-10 levels comparing to control group of healthy ones. Moreover, achieved results showed that not only delivery of the pValac:il-10 plasmid by the invasive strain L. lactis MG1363 FnBPA+, but also by the non-invasive L. lactis MG1363 strain, was effective at diminishing intestinal inflammation [78] . Eukaryotic plasmid pValac allows cloning a particular gene of interest, expression of the molecule by host cells, replication both in E. coli and in L. lactis and bacterial selection via Cm resistance gene [79] . These characteristics designate it to be a possible therapeutic tool for disorders characterized bacterial dysbiosis as inflammatory bowel diseases, potentially for colorectal cancer as well.
Conclusion
A constantly growing evidence raises the questions of possible causal role of gastrointestinal microflora in the colorectal carcinogenesis. Recent studies point to the future direction towards microflora modification in prevention and even treatment of gastrointestinal cancers. Favorable, but also negative effects of bacteria on the host microorganisms physiology are still understudied. Human Microbiome Project will soon bring a comprehensive databases of microbial counterparts and key interactions between bacteria and human health may be uncovered.
